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PERFORMANCE OF DOUBLE-SHROUD EJECTOR CONFIGURATION WITH
PRIMARY PRESSURE RATTIOS FROM 1.0 to 10

By Donald P. Hollister and William K. Greathouse

SUMMARY

A brief investigation was made to determine the performance charac-
teristics of a double~shroud cooling-air ejector configuration. Two
convergent primary nozzles were used to simulate a specific manu—~
facturer'!s iris-type variable-area nozzle in the open and closed positions.
The investigation comprised four phases: (1) obtaining pérformance
with no secondary or tertiary air flow (cooling-ailr passages blocked),

(2) determining the tendency for backflow to occur in either cooling-
air passage, (3) determining the sensitivity of flow in one passage to
that in the other, and (4) obtaining pumping and thrust charscteristics
with secondary and tertiary air flow.

The experimentel results showed that the performance with the
cooling-air passages blocked was typlcal of that for single ejectors
having diameter and spacing ratios similar to those used in this investi-
gation. There was a tendency for backflow to occur, but the magnitude
of such flow was relatively smell. The weight flow of each ejector was
shown to be essentially independent of the other, and the closed primary-
nozzle configuration was found to be generally capasble of pumping more
cooling-air than the open primary-nozzle configuration. Gains in gross
thrust were observed for both configurations, with losses occurring
only at low secondary and tertiary pressure ratios.

INTRODUCTION

The use of afterburners for thrust augmentation, and particularly
the advent of high-temperature afterburners, increases the coocling-air
requirements of turbojet engines. Single-shroud ejectors are now being
used for supplying the cooling air. In some aircraft installations,
however, it is necessary to provide an additionel quantity of air for
cooling the aircraft structure; the use of double-shroud ejectors for
meeting this requirement is now under considerstion.
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The single-shroud ejector has been the subject of several experli-
mental investigations (references 1 to 7), but the avallasble information
on double~shroud ejectors is very limited. In reference 8, the operating
mechanism of—double-shroud ejectors is discussed, the performance of
several configurations is presented, and it is shown that an ejector
of this type can be designed ta operate satisfactorily.

The double-shroud ejector .configurations used in this investigation
incorporated two convergent primsxry nozzles ta simulate a specific
manufacturer's iris-type variable-area nozzle in the closed and open
positions. Although this investigation was limited to only two con-
figurations, a wider range of pressure ratios and operating conditions
was covered than in the investigation reported in reference 8, which
primarily presented the pumping and thrust characteristics of each con-
figuration for only four primary pressure ratios. In the present
investigation, the thrust and pumping cheracteristics of both configu-
rations were investigeted for eight constant primary pressure ratios
from 1.10 to-9.5. Additional tests were conducted to determine
(1) ejector performance with no cooling-air flow, (2) the tendency for
backflow to cccur from the primesry Jet into elther the secondary or the
tertiary eystem, and (3) whether or not the flow through each cooling-
alr system was independent of the flow through the other. This investi-
gation was conducted using dry unheated air at a temperature of 80° F.

SYMBOLS AND NOMENCLATURE

The following symbols and nomenclature used in this report are
defined in the accompanying schematic sketch of a double-shroud ejector.
It should be noted that primary refers to the engine nozzle, secondary
denotes the inner annulus, and tertiary denotes the outer annulus:

;2765:

Y



Q9.2

NACA RM E52K17 JEE

a P
P r, %
P
&
W
s = —_—
\\ — ¥

w T
P — i |

Dy/Dp

FeJ/FJ

[ le—— Sg—

~— 8, —

exlt diameter of primary pozzle, in.

exit diameter of inner shroud, in.

exit digmeter of outer shroud, in.

inner-shroud diameter ratio

outer-shroud dismeter ratio

gross thrust of ejector, 1b

gross thrust of primery nozzle with shrouds removed, 1b

gross thrust ratio
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primary-stream total pressure, in. mercury abs.
secondary-~stream tota; pressure, in. mercury abs.
tertiary-stream total pressure, in. mercury abs.
primery pressure ratic

secondary pressure ratio

tertiary pressure ratio

atmospheric .pressure, in. mercury abs.

sambient exhaust pressure, in. mercury abs.

distance from primary-nozzle exit to exit of inner shroud,
inner-shroud spacing, in.

distance from primary-nozzle exit to exit of outer shroud,
outer-shroud spacing, in.

immer-shroud spacing ratio

outer-shroud spacing ratio

primery-stream total temperature, ?R
secondary-stream totel temperature, °r
tertiary-stream total temperature, OR
primary weight flow,'lb/sec

secondsary weight floﬁ) lb/sec .
tertiary weight flow, 1b/sec

secondary weight—flow ratio

tertiary weilght=flow ratio
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APPARATUS
Ejectar Research Facillty

The ejector-research facility shown in figure 1 consists of two
concentric ducts simulating an engine tail pipe and a coolling-zir passage.
For this investigation, a third concentric duct was added to provide a
ecoling-alir passage for the outer shroud. Alr was supplied from the
laboratory alr-supply system to these ducts, as shown, and was passed
through the primsasry nozzle and the cooling-sir passages into the exhaust
chamber. The alr was supplied at a pregsure of 40 pounds per square inech

gage, & temperature of approximately 80° F, and & dew point of -20° F.
The exhaust chamber was connected to the leboratory exheaust system so
that the ejector exit pressure could be varied from atmospheric to about
2 pounds per square inch absolute.

The primary, secondary, and tertiary alr flows were measured by means
of standard A.S.M.E. sharp-edge orifices. The total pressures and temper-
atures were measured with total-pressure tubes and single, bare-wire, iron-
constantan thermocouples, respectively. The primary measuring statlion,
located 20 inches upstream of the primary-nozzle exit, consisted of two
total-pressure tubes, two wall static teps, and one thermocouple. The
total-pressure tubes and the thermocouple projected gbout one-third of
the duct diameter into the stream, hecause surveys had shown that meas-
urements at this location gave the average of the total-pressure profile.
The secondary instrumentation, consisting of two total pressure tubes

and one thermocouple, was located at a station sbout 27% inches upstream
of the primary-nozzle exit. This instrumentation was duplicated for the

tertiary stream at a station about l%'inches upstream of the primary-

nozzle exit. The ejJector exit pressure was measured in the exit plane

- of the outer shroud by means of two static-pressure tubes attached to

the outside wall of the outer shroud.

The lower portion of the facility is connected to the laboratory-
air supply system by means of flexible bellows and is pivoted to a steel
frame in order that the axial force may be freely transmitied to & null-
type balenced-pressure diaphragm, thrust-measuring cell. The output
pressure of this cell is directly proportional to the applied force and,
hence, is & direct measure of the resultant force acting on the ejector
in an axial direction. In order that the force on the thrust cell would
always be in one direction, an axial preload force, consisting of a
counterweight connected to the rig by large pulleys and steel tapes, was
applied to the thrust cell.
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Ejector Models

In this investigation two conical nozzles having areas equlvalent
to a specific manufacturer's iris-type variable-area nozzle in the open
and closed positlons were used. The relative location of the shrouds
with respect to the two primary nozzles is shown in figure 2. The open
and closed primery nozzles hed exit diameters of 4.79 and 3.49 inches,
respectively, and the corresponding half-cone angles were 2°57' and 20°35°.
The inside diameter of the approach pipe to the primary nozzles was
5 inches. The inner shroud was essentially cylindrical and hed an exit
diameter of 5.65 inches. The conical outer shroud had an exit diameter
of 6.30 inches and a half-cone angle of 7018'. The spaclng and dismeter
ratios for both configurations are shown in the table in figure 2.

PROCEDURE

Each of the two primary nozzles was calibrated to determine the
flow coefficients and the primery nozzle thrust over a range of pressure
retios from 1.0 to 10. The varlous primary pressure ratios were obtained
by throttling the inlet-air and by reducing the ambient pressure in the
exhaust chamber. With the shrouds 1n place, the investigation of each
complete double-shroud ejector configurstion consisted of four phases.
The first phase was an investigation of the performance over a range of
primary pressure ratios from 1.0 to 10 with the shroud-inlet passages
blocked (zero secondary and tertiary air flow). The second phase con-
sisted in determining the tendency for backflow to occur in either of
the two cooling-air passages and the magnitude of such flow. In order
to accomplish this, the duct controlling the total alr flow to the two
cocling-air passages was blocked while the valves interconnecting the
secondary and tertiary systems were open so as to allow alr to clrculate
through the two interconnected systems.

The third phase was an investigation of the lnteraction and conse-~
guent sensitivity of each cooling-air system tc the other. This phase
was conducted at a constant primary pressure ratioc of about 3.0; while
the tertlary weight flow ratio, and hence the tertiary pressure ratio,
was varied over a range of values, and the secondary welght flow ratio
was so varied as to maintain a constant secondary pressure ratioc of 1.30.
In this way the effect of tertiary flow on the secondary weight-flow
retio was determined. The effect of secondary flow on the tertiary
welght-flow ratio was determined in a similar manner; that is, by
varylng the secondary welght-flow ratic while a constant tertiary
pressure ratlio of 1.30 was being maintained.

2765
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The final phase was that of determining the pumping and thrust
characteristics for a range of constant primery pressure ratios from
1.10 to 9.5. This phase was conducted with the total pressures in the
two cooling passages approximastely equal, so as to simulate a common
inlet and plenum chamber for the two cooling-air passages. Although
ejector performance was determined with 80° F primary, secondary, and
tertiary air, the weight flow ratios presented herein are maltiplied

by 1/T57TP and Tt Tp as a reminder that the application of these

date to hot jet installations requires a temperature correction.

The axial force transmitted to the thrust cell was composed of the
ejJector thrust force, the pressure-area force imposed on the system by
the difference between atmospheric pressure and the ejector exit pres-
sure in the exhaust chamber, and the axial preload force. The pressure-
area . force was determined from a calibration over the range of ejector-
exit pressures used in the investigation. The ejector thrust was obtained
by subtracting the force acting on the thrust cell from the sum of the
preload and the pressure-area forces. In order that the thrust data be
consistent and accurate, the pressure-area force-callbration curve was
checked daily throughout the investigation.

RESULTS AND DISCUSSION
Zero Secondary and Tertlary Flow

Performance. - The performance of the closed and the open primary-
nozzle configurations with zerc secondary and tertiary air flow is showm
in figures 3(a) and 3(b)} and in teble I. The effect of primery pressure
ratio on secondaery pressure ratio is typical of single-shroud cylindrical
ejectors having dlameter and spacing ratios similar to those used in this
investigation. The effect of primary pressure ratio on tertiary pressure
ratio is typical of that of single-shroud conical ejectors having very
small spacing ratios; suck would be the case if the immer shroud were
considered the primary nozzle and the spacing were the distance from the
exit of the inner shroud to the exit of the outer shroud.

It should be noted that the curve of secondary pressure ratio in
figure 3(a) exhibits & marked amount of hysteresis and the tertiary
pressure ratio curve shows a slight amount of hysteresis in the primacy
pressure ratio range from 3.5 to 5.0 asg indicated by the arrows on the
curves., This phenomenon has previcusly been encountered with cylindriecal
ejectors having large diameter ratios and smsll spacing ratios, as shown
in reference 1, but has not been observed for small diameter ratios.
Hysteresls occurs because the primary Jjet remalins attached to the shroud
wall until the primery pressure ratioc is decreased to & value less than
that at which attachment first occurred as the primary pressure ratio
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wae being increased. The Jjet finally becomes detached at this lower
primary pressure ratio, and the gshroud pressures assume their normal
vaelues. A further discussion of this hysteresis may be found in
reference 1. ’

Thrust characteristics. - The effect of primary pressure ratio on
gross thrust ratic for zero secondary and tertiary air flow is presented
in figure 4(a) for the closed primary-nozzle configuration and in fig-
ure 4(b) for the open primary-nozzle configuration. Gross thrust ratio
ig defined as the ratio of eJjector gross thrust Fej toc the primary

nozzle (ejector ghrouds removed) gross thrust FJ at the same primary
pressure ratio. EJector gross thrust Fej’ then, includes the combined

thrust produced by the mass flow through the cocling-air passages, and
the primary-nozzle._gross thrust ;Fj includes only the thrust produced

by the mass flow through the primesry nozzle.

The thrust characteristics with the closed-nozzle configuration
(fig. 4(a)) exhibit hysteresis similar to that for the secondary pressure
ratio (fig. 3(a)), and indicate that & loss in gross thrust of as much
as 33 percent of primsry-nozzlie gross thrust is possible with this con-
figuration when the cooling-air ¥£low is. gero. Hysteresis did not occur
for the open primary-nozzle configuration with zero cooling-air flow
(fig. 4(b)); the greatest loss In gross thrust occurred at a primary
pressure ratio of 2.0 and amounted to about 17 percent of the primary-
nozzle gross thrust.

A comparison of figures 4(b) and 3(b) shows that the minimum gross
thrust ratio occurred at the primary pressure ratic for which the second-
ary pressure ratio was a minlmum, and that a slight dip occurred in the
gross-thrust-ratio curve at the primary pressure ratlo for which the
tertiary pressure ratio was a minimum. This phenomenon may be attrib-
uted to shock losses accompanying the overexpansion of the primary Jet.

A more complete discussion of the effects of overexpansion and shock-
losses on ejector thrust may be found 1n reference 2.

A further comparison of figures 4(a) and 4(bd) indicates that with
zero secondary and tertiary flow, the gross thrust was higher with the
open primary-nozzle configuration (small diameter ratic). This rela-
tion 1s coneletent with the trends indicated by the data of reference 2.

Effect of Primary Pressure Ratio on Backflow
In order for backflow to occur in one of the two cooling-aeir passages,

the pressure in one passage must be higher than the pressure in the other.
An inspection of figures 3(a) and 3(b) indicates the regions of primary

2765
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pressure ratio in which backflow will occur. That is, for the regions
in which the secondary pressure ratio curve lies below the tertiary
pressure ratio curve, (secondary pressure ratic is less than tertiery
pressure ratio in figs. 3(a) and 3(b)), the circuletion of air is in
the normal direction through the secondary passage and is reversed
through the tertiary system. For the opposite conditions of secondary
and tertiary pressure ratio, the circulation 1s reversed.

The effect of primary pressure ratio on backflow ls shown in fig-
ures 5(a) and 5(b) and in table IT for the closed and the open primary
nozzles. The magnitude of the backflow, although measurable, was very
small; less than 0.2 percent of primary air flow through the closed-
nozzle configuration, and slightly exceeding 0.4 percent of primary air
flow for the open-nozzle configuration. This test simulated a common
inlet plenum chamber for the two cooling-air passages with no externsl
source of air; the positive portion of each curve therefore indicates
circulation in the normel direction through the secondary passage and in
& reverse direction through the tertiary system. The negative portion
of the curve indicates circulation in the opposite direction, with back-
flow occurring through the secondary system and flow in the normal dlrectlion
existing in the tertiary passage. The direction of the circulation flow
for each configuration reverses (magnitude of backflow becomes zero) at
approximately the same primary pressure ratios at which the wvalue of
primary and secondary pressure ratio become equal (figs. 3(a) and 3(b)).
It should be noted that the data of figure 5{a) were obtained in the
direction of inecreasing primesry pressure ratio, and thus any effect of
hysteresis on backflow is not included.

Interaction of Secondary and Tertiary Systems

Investigation of the interaction between the secondsry and tertiary
flow systems indicated that there was little interaction between the two
systems. The weight flow through each shroud was insensitive to changes
through the other, as shown in table IIT and in figures 6 to 9 for the
closed and the open primasry nozzles. For a primary pressure ratio of
about 3.0 and a secondary pressure ratio of about 1.3, with the primery
nozzle in the closed position, the secondary weight-flow ratio was sssen-
tlally independent of the tertliary welght-flow ratlioc as the tertiary weight-
flow-ratio increased fram 0.02 to 0.15 (fig. 6). Likewise, while varying
the secondery welght-flow ratlio wlth the primary nozzle closed, the
tertiary weight-flow ratio was essentially constant for & constant terti-
ary pressure ratio of about 1.3 (fig. 7). Similar results were obtained
for the open primary-nozzle configuration (figs. 8 and 9). Although
this effect was investigated only at a primary pressure ratio of about
3.0, it is believed that these characteristics are representative of
those which would be obtained at other primary pressure ratios.
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Ejector Performance

Pumping characteristics. - The pumping characteristics of the
double=-shroud ejector configuration with the closed primary nozzle are
presented in figure 10 for several primary pressure ratios from 1.10 to
9.5, and are tabulated in table IV. As mentioned previously, the totsel
pressures in the two cooling passages were malntalned approximately
equal for this phase of the investigation. The effect of secondary pres-
sure ratlo on sgecondary weight-flow ratio is shown in figure lO(a), and
the corresponding tertiasry-system pumping characteristics are shown in
figure lo(b). A comparison of the two figures dlscloses that the pump-
ing ability of the secondary and the tertiary systems are nearly iden-
ticel. It is evident from these deta that at low primary pressure ratios
secondary and tertiary weight-flow ratios were extremely sensitive to
variations in secondary and tertiary pressure ratios. As the primary
pressure ratio was increased this sensitivity of secondary and tertlary
flow became less pronounced.

The secondary and the tertiasry weight-flow ratios with the open
primary nozzle are shown in figures 11(a) and 11(b), respectively, and
in table IV. A comparison of these figures reveals that the secondary
outperforms the tertiery system at the lower primsry pressure ratios
over the entire range of secondary and tertiary pressure ratio, and at
primary pressure ratios of 3.0 and 4.0 at the lower secondary and terti-
ary pressure ratiocs. For the three highest primary pressure ratios
investigated (6.0, 8.0, and 9.5), the tertiary system pumps a far greater
amount of alr than the secondary. Again, the sensitivity of the weight-
flow ratios to changes in secondary and tertiary pressure ratioc decreased
greatly with Increasing primesry pressure ratio.

A comparison of figures 10 and 11 shows that, for a given primery
pressure ratic, the weilght-flow ratios for the open primsry-nozzle con-
figuration are, in general, considerably lower than for the closed-
primary configuration. This comparison also discloses, as pointed out
in reference 8, that for the closed primery-nozzie configuration (large
diameter ratio), the secondary and tertiary weight-flow ratios were more
sensitive to changes in secondary and tertiary pressure ratio for any
particular primery pressure ratio, than for the open primary-nozzle con-
figuration (small diameter ratio). The open primary-nozzle configuration
will, however, pump secondary and tertiary air over a wider range of
secondary and tertiary pressure ratios and will start pumplng at a lower
primary pressure ratio. These comparisons indicate that ejector perfor-
mance is not compatible with afterburner-cooling requirements, in that
there is & great excess of air for the nonafterburning (closed primsry
nozzle) condition. Also, because the required tertiary flow 1s generally
about one-fifth that réquired for the secondary system, there 1s a great

excess of tertiary air for most conditions. As pointed out in reference 8,

such an excess of tertiary air flow can be reduced by decreasing the

2765
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tertiary diameter and spacing ratios to values slightly larger than the
secondary diameter and spacing ratios.
]

Thrust characteristics. - The effect of secondary and tertiary pres-
sure ratio on gross thrust ratio is shown in teble IV and in figures 12(a)
and 12(b) for the closed and open primary-nozzle configurations, respec-
tively. For the closed-primary nozzle, & gain in gross thrust was obtained
for all primery pressure ratios, although with primasry pressure ratios
of 8.0 and 9.5 there was & loss in gross thrust at secondary and terti-
ary pressure ratios below about 1.0. These losses were as much as 4 per-

cent and.é% percent, respectively, at the primary pressure ratios of

8.0 and 9.5. Data for a primary pressure ratio of 1.10 indlecated that
a gain in gross thrust of about 34 percent was obtalnsble, which was
due, in most part, to the relatively large mass flow through the second-
ary and tertiary systems. Data for the open nozzle (fig. 12(b)) also
show that a gross thrust gain is obtainsble for all primary pressure
retios, with losses occurring at the low secondary end tertiery pressure
ratios for primary pressure ratios of 1.10, 1.50, 4.0, and 6.0.

A comparison of figures 12(a) and 12(b)} reveals the same general
thrust trends that were observed in the earlier investigation of double-
shroud ejectors (reference 8). These curves also follow the same general
trends as the weight-flow curves in figures 10 and 11; name}y, that for any
given primary pressure ratio, the thrust curves for the closed primary
nozzle lie gbove those of the open-nozzle configuration. This is due,
in part, to the greater secondary and tertiary mass flows at given
secondary and tertiary pressure ratlios for the closed primary-nozzle
configuration. Also the greater expansion ratio of the closed primary
nozzle would contribute to higher thrust ratios at the high Primary
pressure ratios. Although the higher thrust ratios were obtained with
the closed primery-nozzle configuration, it does not necessarlly follow
that this is the best configuration, in view of the large amount of
secondary and tertiary air that is being pumped.

The sensitivity of the gross thrust ratio to changes in secondary
and tertiery pressure ratio is, in genersl, less for the open primary-
nozzle configurstion. Furthermore, for each configuration this sensi-
tivity to secondary and tertiary pressure ratio decreases as the primsry
pressure ratio increases,

Application of Data
As pointed out in reference 8, the performance of an ejector in an
actual lunstallation will depend upon the performance of the ejector itself

as a pump and upon the performance of the cooling-alr flow system for a
range of operating conditions. Aleo, a correction must be applied to the
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welght-flow ratios to take into consideration the ratio ofcooling-air
temperature to engine-gas temperaturg, as described in reference 3.
However, this correction msy not be valid under all conditions, particu-
larly at the high temperature ratios; some error mey therefore result,
&8 indlcated in reference 4. However, the comparisons of full-scale

and model-ejector date shown in this reference are believed to show
greater discrepancies than would have been the case had the configurations
been exact scale models of the electors used. Until more complete high-
temperature ejector date are avallsble, the data presented herein should
give an indiecation of trends ta be expected from double-shroud ejectors
having similar configurations and will serve as a supplement to the data
contained in reference 8.

CONCLUDING REMARKS

Data obtained with a double-shroud ejector configuration, using
two different size convergent primery nozzles in order to eimulate &
specific menufacturer's varigble-area iris-type nozzle in the closed
and in the open positions, indlcated that the performance with the cooling-
alr passages blocked was typlcal of that for single ejectors having simi-
lar diameter and spacing ratios. Also indlicated was a possible gross
thrust loss of as great as 33 percent of primasry-nozzle gross thrust with
the primery nozzle in the closed position and with no cooling-air flow.
For the open-primary-nozzle configuration and no cooling-air flow, the
thrust losses were reduced to 17 percent of primary-nozzle gross thrust.
For both configurations the megnitude of backflow was relatively small.
There was very little interaction between the secondary and tertiary
flow systems as each system was essentially uraffected by changes in
flow through the other. A comparison of the pumping characteristics for
both configurations indicates that, in genersl, the closed primary-nozzle
configuration is capable of pumping more coollng air; whereas the open~
nozzle configuration will pump bver a greater range of secondary and
tertiary pressure ratios.

Lewis Flight Propulsion Laboratory
National Advisory Committee for Aeronautlcs
Clevelsnd, Ohia . H . S ; - —.
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a7 4.92 o 3 29,3 | 80| 5.0 [ 9 815
18 5,08 Q Q 152.8 | 1008 844.0 0 o JITET
1% 5,01 Q ] o | 1840} sap0 o o 71908
20 5.82 3] [-] 158,85 S| 34950 —— - 8480 [ 0 &87
21 &.09 ] [ 92,7 | MT.4 | 9y -— ——— 5.945 o & 8481
= o O B LAY A R R o R
B . vl ad . N *
184 g4y 7,10 ] 8‘ I, }an.: Bed, — R 1.827 g -1 e
= 2.53 1.8 [H] Q 384.5 | 380. g |, —-- — a.133 0 [ 4180
] 8.5 7,08 e ] 7.8 | B34 | S0 — — 8.807 2 ] L8120
&7 5. 1.8 o ] D4 a2 B ——— n—— 2.3%0 o o e
an E.i8 T.88 ] [} 39¢,3 | 559.8 [ 840,0 ——— —_— 9.710 & 0 a7
2% 5.5 " 7481 Q [ 08,1 | 545,7| EapO - - ho.pe e 0 7
n 6.4 550 ] [ 0. F | MO | - —_— 5.420 0 [ A8
Lol 1.8 .08 a -] 125.1 | 18.1] B47B Jl oo ——— 5,004 Q ] L8
Prisury-vowsle péajtion, open
1 0 [ 6.4 | 4408 B2p.0 ——r 1008 | o,m83 |o.e9%e [ o [0.m88
a [} [ w51 | ed. 528.0 P 1.4 N ] g N
3 Q I} 142.7 | 15.8 | B3Y.Q . X.803 A174 | 9834 [} e
4 © [ 1788 | 12,8 | BET.Q — 1.788 8417 | 9790 [ [ B
e [ C 9 1907 | 178.5 | B30 —— l.m ™4 | T [ [ L
a3 [ £ 1b.b 13798 | &8 - 1. JHS | e 0. ] 30
T | 228 [} [ in.e |1m.c | 8380 -—— 2.081 4200 | LoERY [ ]
3| 0.8 g WOR.9 [178.B | B30 — 4.183 It al ] "]
¥ | 30,88 na.# {1er,7 | 80 . .50 4518 THO ] ]
10 | 0.0 604 [ 8.4 [ p1.9 | BRAQ —_— 5470 SM7 7R e 4
U J 4.0 [ ] 0 0 He2 | 393.0 | B0 — .08 i 7 Q [
| s 8.58 [ a 5.4 | iddod | D400 -— .G85 T L -] [ [
12 | ba.43 2,27 a a | 9008 [aee.e | b4Ds — 8347 08 ROME 0 -]
W | B2 §.41 [ o B12.8 | 4.4 ug.u —— &.072 | 1.09¢ M [ ]
® | .08 -} -} a2y, 808,82 :: » — 103 1.8 1081 ] Q
| 4.8 fa ] 2 1.4 [810,7 1.0 7.513 | 1.8 K- ] [
17 [ %a.08 9,8 [] ] B39.2 | B3la £ .58 | 1.382 i ¢
la | 88,05 V. -4 -4 0 | B0 | BaLE 1041 1816 T3 -
18 | &B.85 .34 1] o | %77 | w7 = 8 lu?ﬂ 1,738 ARTH 3
5 E .54 [ ) i B30T | 380.3 B -—— ——— 13544 1.8% S
a8, .39 [i] -] Eyi.n [ B78.1 | B4l —r —r— 7.0 1,190 084 Q2 Q
m | 85,73 .3 [ 0 A3t,0 | 2005 | Mo - — N4 | .07 012 [} ]
23 | B3.M .93 o [} G084 | 484,] | 8GO0 ———— ——— 5413 1.078 18 -] a
M | 53.28 9,0} -] a o8 | «87,7 | 840.0 - —rn i 1.093 ~H0 [} 9
| $s.0n ».92 4] [} A30.4 | 4825 | 8B ——— — 5487 S e 0 [d
£5 | 4313 9.10 ] [ « [arh.e | B3RE —— — 0,9 7 0 o
| ¥3.83 0.18 -] [ 4T5.8 | 43,0 | 539.8 —— e 4,550 JAME [ e ]
% | 882 2.17 ] ] A7 | 442.0 | B34S —— ——— 3,900 ATAS | S o
20 | 0.8 7.08 % 7.0 ] ] 3xe.0 {0,y [ S38 ——- —— 3.0 IRT [
30 | 40,23 7.09 Fret] 7.0 ] ] 306.0 | 290,80 | 830.5 — m— 2118 ) ]
31 | 20,18 o 13.28 HhK ] o 210.4 | 1986 | REAA e ——— LAt ] ALY M 4
B | .18 1a 1408 A1 o ] 185.% | LSS, T ] B3R.B —— m—m F.007 w137 11 -]
5 | .18 %0 3. [ B isr,0 [ 102.5 | o588 —— — 1m0 M | TR [ b
4 | m. 17,20 8,90 q a 11,1 | 188.0 | Baa.t — —— 1. 788 BA3e BT e o
37 | ™o 15,19 3.0 9 -] o7 | 181k | BIRE — —_— 1.9%0 AR -0 4 B
*Yaimes ehiatned frem nomls aalibraiien .
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TASLE 1T - EFFECT OF PRIMARY PRESSURE RATIO ON BACKFLOW

LTHZSH W VOVH

Run| Frimary- | Secondary- Tersiary-| Awbient Privary |2ec eptiery |Grons |Orosm |Primary-| Becondary: Partiary~| Priwary |Saccndary| Tert Bao Tertiary| droan-
stream atreks stream exhaust |wmight walght | weight |[thrust thrumt| stream atroan strean |preasure| prassurs| prodfnte weight- | welght |thruat
total total totel |pressure | Ilow flow fiow |of pri-| of tatal total total ratlo ratio ratio riow flow |ratio

preasurs | pressurs | pressure Po Wy v, Wy wmary |sjea- | tewper-| tewpar- | tempar- PP/po P./po P./pp ratl ratin |7y Jﬂ
Py Py {in. (1/ssc)| (1b/ves) (1b/sa0) nﬁa 'tur aturs l;«m l;‘-ll'i Wy s | Yttt
{1n. {in. {in, maTOUry with [(¥gq Tp B t T.j T; W; T;
warcury [ war woy absolute) sweouds| apy | (em) {°R) {®®}
abaolnte)| sbacluta) absolute) “,; &
{1»
(a) (a) (v (n) {n)
PFrimry-noigls ition, olesesd
1| 30.2 2€.60 24,70 28.81 1,72 | <©.00111 | 0.00111 2. 638.0 540.0 342.0 1.127 0.9 | 0.99%9 [-D.0DOAS 0.00085| 08807
al 29.11 23.71 a3.76 £5.87 2.20 | -.00R¢0 | .0QR4% 40. 824.0 Ad).0 54.0 1.048 953 0954 | -.00113 L00115| 1.081
3| 29.81 15.38 19.84 19.78 2.687]| - 7| Q0887 &8. 838.0 542.0 o41.0 1,512 L6099 9920 ] -.00145 L00145| 1,085
4 a9. 17.07 17.117 17.2% 4.78 | -.,00364 | ,00384 . g3p.0 ' H42.0 1.0 1.727 8873 HBEL | ~,00131 .00121) 1.082
5| 350,11 14 .88 14.97 K q1.92 | = JoosEe 7.0 104.3 | 836.0 B4R.0 240.0 1,987 2854 9927 | -.00112 ,001181 1.077
8] =28.81 11.78 11.684 11.96 2.7 | -.00244 o0aee | 112.5 |122.3 | 538.0 8420 340.0 2,408 9858 L0608 | -.00082 00082 1,,088-
7] 2p.81 Q.93 10,0 10.10 297 - .00231 | 1g2.2 |1R@.0 | 538, £42,0 836.0 ®.08L SARR L8801 | -.00084 .00084] 1.048
8| #0.31 9.8 9.58 2.00 4,00 | -.00162 L0182 | 102,3 |188.1 | 539.0 E43,0 E38.0 4,082 8633 9738 | -.00040 1.038
| BQ.08 8,01 9.80 10.03 B.08 ,00706 | -, 00708 | 258,7 |Ee8.2 | 636, BiR.0Q E38.0 4,881 1906 19571 00159 | -,00139| .D83R
10| 40.18 4.79 9.18 9.2 6.09 0121 | ~.0221 204,9 (#68,8 | S38.0 E42.0 231.0 8.128 4878 8518 .00198 | -,00188| .8778
11| 70.68 8,39 9.08 10,01 T.1R ,0118 | -.0118 82,8 | 319.% | 834.0 B42.0 232.0 7.049 5345 .9081 L00166 | ~.DO188( 9044
12| 7m.81 5.98 8.81 2.88 7.88 00788 | ~.00758 | 400.3 | 384.7 558.0 B43.0 830.0 7.589 6018 .8501 ,00085 | -.0000G| 9108
13| 76.8) 3,78 g.37 8,87 8.08 08! -.00550 | 409,2 |573,3 | 8598.0 B43.0 %ae.p 8.875 «Gdded .7101 00060 | -.00089| 9121
14| 82,01 8.6B 5,81 8,14 8.12 00408 | 00408 | 418.4 | 388.1 550.0 B843.0 527.0 9,820 5818 8400 | -.00080 .3@50 D293
15| 7¢.78 5.50 4.99 7.18 8.10 | -.00E4 00524 | 415.7 | 388.4 | 539.0 B842.0 524.0 10.28 080 8450 | -.0008E B 85| .GRT0
Primsry-nosxle posiblon, opan
18| 50,03 28.10 27,01 27,18 3.98 | 0.0184 [0.0154 49, .79 BBO.O 548.0 543.0 1.108 0.980% | o.se37 | 0.0059 |-0.003§ |0.9151
17| %0.08 22,58 2,60 24,20 3.15 L0188 | -.018% a2, Aa.80| B4A,0 547.0 843,0 1,243 G240 .9878 0038 -.0038 S840
18| 20.98 17.80 19.84 20.20 5,75 0190 | -.0180 136,1 | 128.7 | 547.0 648 .0 543.0 1.484 .A881 L5628 0035 -, {03% 928
19| £9.68 14,83 18.80 17,28 B.78 0178 | -.0179 170,2 |1e2.1 | B48.0 Bk .0 5435.0 1.751 8552 5788 ,0031 -,0051 9522
20| 30,03 1n.e8 14.71 1E.08 5.81 ,0108 | -.01B& 183,8 |182.0 | B4E.0 5¢3.0 543.0 1.991 y7036 9135 0032 -,0052 | (9391
21| 50.15 a.84 13.41 135.78 B.50 JLO244 | ~.024 206.7 | 180.8 | 548.0 541.0 543,0 2. 4018 9731 10042 - .8182
22| 50.08 5.28 11.5% 11,389 5.8 . -.0Q805 18,0 |202.6 | B48.0 E4l.D B545.0 2.530 5332 B748 .0038 ~,0058 0240
@3] 20,83 8.05 9.7 10,04 E.77 .0lsz | -.0 a54.4 |221.) | G48.0 538.0 B45.0 2.981 L0028 9701 0028 -,0028 | 0433
24| 40.83 7.53 9.8] 10.01 7.79 0125 | -.0188 347.5 | 337.7 | 548.0 8%8.0 B43.0 4+.019 T332 . 9800 0018 -.0015 | 9721
25| 49.83 4,76 B.48 10.07 9,70 0058 | -,0088 45%.4 | 442.B | 48,0 536.0 2.0 4.048 B899 M +0006 -, 0006 D784
26] BO.43 H.42 8.48 g.18 o.82 | -.0079 0078 475.4 | 478,58 | 8,0 557.0 842.0 6.188 1.08% .Bl4g | -,Q008 o 0548
27| 408.89 a.30 8.28 8,80 2,48 43,3 | 481,06 | B48,0 526.0 B42,0 5,409 o232 9210 ( O 0 008
26| 80.53 8.352 5,37 T.35 8.80 | -.0108 0108 4e2.1 | 470.0 | B8O 638.0 542.0 6,688 1,138 g0 | -,0010 »0011 9781
/8| 50.33 B.29 4.88 8.43 9.81 | ~-.0108 10108 450.4 |4B1.3 | B48.0 538.0 B42,0 7.887 1,289 1278 |. =.0011 L0011 0812
B0.28 6.26 B.04 8,40 p.8) ] -.0128 Q118 480.8 | 4B5.6 | B48,0 538.0 B42,0 #.302 1,550 1.028 -.0012 L0018 9835

lll-un:l.vn values indioats blmokflow.
Byaiues obtained frew nessle salibratien,

ST




TASLE LI1 - TNTERACTION OF SECOMDARY AND TERTTARY ZYSTEMS

Run |Frimary- | Secondary- Tertiary] Anbiant | Primary | 3eccndery|®ertisry| Orcse | Gress | Primary-|Secondary-| Tertiary-] Primary |Secoodary| Tertidry| Secondar'y |Tertlery (Oress-
atrean atresn streas exhaust | welght waight | weight | thrust | thrust) strean stremm atrsam | pressure| pressume|pressural welght-| selight |thrust
totel total total | preasure £lew Llow fiow |of priq of total total total ratio Tatip ratlo (- flow flow [ratlo
pressure | pressuws | pressurs Po ¥p L Wy mary | ejes- | temper- - | tewper- Pp/po F./po P ratlo ratio P, _’ﬂ 1
Py Py Py (sn.  |{in/and)| (1b/awa) | (1n/nac) nocele ature atire Ature ) L a| ¥ o T
with { Pa T, T b el
{in. {in. {in. weroury shrauds d 8 p| *p P
weray | meroury absolute)| - ved () {9R) (™) (°Rr)
sbsolute)| absclute) {absolute) ":;
[lb)
a).
Primary-noxsle positlcon, alosed
1 29.96 15.03 10.0% 10.0 5.04 0.%8) 0,088 122.9| 127.5 | 538.0 S34.0 530.0 2.998 1.593 l.002 0.1w03 0.014% | 1.038
2 49.9) 15.02 10.11 10.0 5.05 B 182 122.7 | 126.8 | 535.5 535.6 535.0 2.991 1.302 1.011 1920 JO455 | 1.052
-] 29.91 1E. 10.27 10.0 S.gg S8 4189 123.8 | 1256.8 | S40.5 857.3 538.0 2.991 1.%303 1.027 ek 0854 | 1.026
' 29.98 15, 10.52 10.0 3. EB8T 272 122.9 | 128.7| 5&..0 g.5 837.% - -~ 1i508 1.082 r 1930 DOE | 14T
s 28.88 15.04 10.98 10.02 5.03 588 .342 l2a.3| 127.3 | 6.0 539.0 851.8 2.98) 1.50 1.081 .1838 J1324 | 1.041
8 29,88 15.02 11.88 10,4 3.03 .587 458 142.4 | 135.0 | 544.0 598 538.0 2.9p8 1.502 1.189 .1933 21489 1.087
7 38.78 10.07 15.03 10.01 3.04 275 587 181.7 | 153.0 | %48.0 40,0 430,53 2.973 1,000 1.x202 Q909 .1872 | 1.08%
8 29.88 10.28 13.03 10.0 3.02 317 595 122.5 | 154.4 | 6544.5 540.5 339.5 2.988 1.028 1.308 1048 y1061 | 1.089
9 28.86 10.09 13.04 -10.0 5.04 hR7 S99 122.5) 137.e | m48.0 B41.0 B0 .5 2.958 1.0%9 1.304 1409 1978 | 1.142
10 20 .88 13.18 13.06 in.0l 5.08 82 597 122.5 | 155.1 | 548.5 542.3 540.5 2.983 1.3517 1,304 1965 .1868 | 1.1086
1 0.58 9.77 13,01 ¥ 5.02 S50 599 18351 135.7 | Ee8.0 %42.0Q 540.5 5.00% 4799 | 1.305 0322 1987 | 1.088
13 | 2s.08 9.55 15.05 9.99 3.02 227 (608 ;gAJ 132.8 | 548.0 242.0 541.5 2.989 L9358 | 1.3%4 20482 1.08
Primary-Dotele poBiticn, epen
.18 30.18 13.01 10.00 9.8 5,88 0.877 | O.0847 | 237.0 | 250.3 | 540.5 541.0 E58.0 5.018 3.504 1.002 0.0080 0.0111 | 1.086
14 3Q.02 13.05 10.11 10.03 B.83% .501 1298 | ash.B | 2848.8 | RS 345.8 83415 2,995 1.50) 1.008 1008 . 1.087
15 2%.87 13,098 310.05 1p,.01 5.8% 589 0784 | ¥85.0 ] 240.8 542.0 E48.5 84R.0 2,594 1.504 1.002 11003 0030 1.082
18 30.12 13.0% 10.21 10.01 5.86 -1 1] .198L | *36.8 | 261.0 | BE42.0 247.0 5455 5.009 1.502 1.020 11006 0538 | 1,080
17 29.88 13 .0« 10.59 J.a.bl 8.47 A80 L2478 | 254.8 | 245.0 | 3420 247.0 Sdd 0 2,988 1.503 x.037 21009 L0422 | 1,084
|18 29.97 13.03 10.62 o .82 89 . Q8.4 | 851.0 | B4l.D 247.0 Bed 3.000 1.5904 1.083 1017 ,OBR8 | 1.057
HEt 30.02 13.01 1.7 0.0 5.88 Gad L5991 | as8.g | 2848 | Bel.D Ba7.0 Bid .0 3.00% 1.501 1.117 1010 0884 | 1.080
120 30.12 13.08 15.08 10.01 5.47 589 Q70 | a38.8 | 2€5.) { E4l.3 B47.5 544.0 3,009 1,304 1.508 «1009 100 | Aald
21 30.04 9.08 12,95 2.47 5.0 .a%% 581 258.1 | 248.% | 548.0 542.0 S4d.0 5.013 9980 | 1.299 L0453 11 1.054
g2 30.08 10.43 15.00 5,88 a.04 504 847 238,84 | 251.Q | 548.0 144.0 48,0 5.015 1.061 1.303 L0520 1108 | 1.081
3 30.09 11.10 13.00 9.58 B35 368 841 236.8 | 255,) | Bi€.0 6dd.53 3468.0 5.016 1,118 1.30% .Qo2s +1098 | 1.089
24 30.08 11.81 15.00 9.580 5.58 448 833, A56.85 | @55.7 | 58,5 240.0 7.0 5.01% 1.18% 1.30) 0788 21077 | 1.08%
) 30.08 12.35 13.00 .58 B.84 507 .B28 33e.8 | #B7.4 | B4Y.0 Ba7.0 LIYE] 5.015 1.337 1.308 -Qo8s .1072 | ).0B§
28 3014 13.C4 15.00 0.98 5.5 .ba7 -817 a37.2 | 880.9 | S5e7.0 44,0 48,0 5.030 1.507 1.335 .1014 1088 | 1.100
27 0.4 13 .46 1s.01 a.9 8.a8 881 i) a57.0 | 924 | W70 B4p.5 48,0 3.007 1548 1.309 «111B 47 ) 1,107
“Values cbtained from nowxls omlibration.
i .
i H
r [ % .

gaLz ”

a
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Aegopdany- Tartitry-| Mdlent | Prisary y [Sertiary| Groms | @ross | Primsry- Torlary- Mrimdry | Secaidiry| Terllary Inonﬂﬂher:.l [ e 2
arans | stream | exnamac | weighs | weight | weight | throst | thoust] streem | stresm | stresm |pressuoe]| premiiow|presemrs weight- H'll;:’ il
total total |presmurs £iod tlow fow |of priq of kotal total total ratie mtle ratie Slow flow |ratle
preasurs | pressure ") \lp L W ajsa- | tampar-| tewpar- | tewper- Pl/pﬂ P, T ratl ratl ry 1
T T tn, | (inmea)|tansnea) [consman)|Bommet | £ | DT e | R V, W
(4n. {in, |werovey g:‘m LY r |3 %Y
mun] absoluts) ®) ., %)
1] a0.07 97.18 ar.30 0.143 ®28.8 | 1.004 | 1.000 0.6690 [ 1,088
2| 30.38 ar.4R AT.43 507 B8 1.104 1.001 0658 | 1,038
3| 30.07 27.38 ar,57 S ME,C 1.109 1.005 J0m | 1,087
4| 30.08 ' o J08 ST ) 1.180 1.004 A5 | 1,088
L| .07 27,47 Tt 1358 B4E.0 1.0M 1.067 157 | 1,181
8| m5,07 27.8) er.al 40R Bis, 1.00 1.011 L1983 | 1,118
1| 2%.07 27,88 ar.ne LR BT, 1.088 1.081 o 1.209
4| =, »o8 8,1 e baA, 1.004 1,03 ' L6 | 1.53%
3| =, 80,04 80.08 JEL 1N l.497 1,001 JLOael | 2.l08
0| .0 20,06 20.04 1204 &b 1.408 1,005 SO0 | 1,208
A . an,1% 0,12 JIR e, 1.8 1.007 LTW0 .l.g:
M BT 0,57 .8 35T [ 1.498 108 1013 | 1.
AN 0,37 m,57 -] 7 1.154 1.080 Jeod | 108
L w0 3.1 2, A9 B8, 1.458 . JA954 | 1,18
| 30.18 0.4 2, . Sl2 Bk, 1.504 1.010 o8 | 1.0a%
14 30,09 20.08 18.07 .13 149 B4k, 1,507 OO0 Jmy | 1,081
11| .00 .08 1 0| 158 Bas, 2.008 1.008 0r0 | 1.084
18| 20,00 1,15 15,07 8] »304 Bt 2,007 007 0450 | 1,083
18| &4, pT ] 18.19 n JA55 [ d) 1,008 1,010 A570 i-ﬂ"
20| 30,00 1k,27 18,87 & Jar =T, 2,00 1.018 LTI D88
o1 g, 78 1b,38 18,88 ] 1) 10,8 s, 1,088 1.088 .0Pl8 | 1,085
x| 30,14 i8.e0 1n ko AE | a3 H58,0 oy, K,018 1.058 1000 | 1.080
o3| 30,04 a5 15,84 . ol 8,8 660, 2,004 1,600 1843 | 1.142
M| 0.0 | .4 00 152 0,0 BN, 3047 1002 08 | 1.0
=] X008 0.4 10,04 .gl 173 4.0 0.0 3004 1,410 G358 | 1.088
| .. 0.1k 10,17 a7 11 654.0 §50.0 2.0 1.018 4317 | 1.047
7] 30,11 10.33 10,33 0 S0 58,0 581.0 3.007 1.038 L4700 | 1.03%
IR 10.33 10.53 N TN T 8§88 ,0 i BEE.O 2.099 1.004 0864 | 1.067
of| o4, 08 10,80 10.00 99 | 288 BEB,O [ BEZ, 2.907: ] 1.677 1080 | 1.088
3| 30,1 .z 11,58 00 5L BS8,E BES BE . 2.0 1% Jdewe | 1,072
x| .0 8.2 18.58 00 B27 13b,0 aE4 W, 3.007 i JAT1E | ).080
38| 40.08 10,00 .00 l 180 65h,8 BES.B o, 4,008 000 90 +O3wT JO169 | ), 000
33| 4008 10.12 10,10 R Al 38,8 B23 .5 BEZ. 4.014 l.614 | 1,018 SRR A 1.0
34| 40.11 10,84 10,84 L1 ] s 55,4 B55.% 882.0 4.011 108 | 1,084 1002 Qim0 | 1,022
2| 40,0 ﬂ.u 10,54 a5 | .ar7 %54,0 BE4 .0 BT, 4.088 1,058 | 1.036 0T Q5 | 1.01
38| 40.51 ) 10,58 .08 AT 5,0 EEL.O &R, 4,000 1.088 1.00 03 AT | 1,058
37/ 40.98 11.09 11.00 O 5 8550 2&4.0 882.0 4,084 1.111 | 1,111 1041 o2 | 1,097
34| 3.0 in.7n 1.7 .01 B4, M,E S54.B 581.8 3,008 1.a8 ] 1599 1420 i.ﬁ1
3§ 60.44 1. 70 08 BE8 .0 3.0 43.0 8,068 27 718 10149 . «OCh
40| €1.08 1. .05 J4 B84 .8 BEL,0 561.9 [0 +A9R0 JR20 TR Q140 | 1.007
ar.n 10.06 0,08 08 884.0 B .CQ G8l.h 0.01% 05 1,003 - ObO0_ 1,008
42 K.m 10.4% 0.3 07 as,0 B53.B 581.5 5,004 1.018 1018 J0B4R SOk | 1,008
41| ad,m 10,37 10.87 10 8M,0 BEE 5 B31.0 8.0M # 1088 0089 XAz | 1,008
80,58 10,28 1084 08 8520 B4E B45.0 8.035 1.0%% 1.084 L0887 387 .ml
o) k0 #01 11.00 11 52,0 B4 B48,0 4,004 1104 1.183 ony ones | 1.
o, 1k 08 12.08 an 92,0 T LI 6.034 }-.il! 1.0 1.027
20,10 -5 5.8 2.0 852.5 844, 7.0 4.01¢ =) X505 08 1078 | 1.082
90,58 A4 A.10 93,8 8.0 38,0 4.081 AT 587 0190 Sal18
w.T .57 B.11 B30 849.8 7.0 4,084 o 5880 i o S5
x.n J0.00 8,10 1N ] 50,0 HT.h 7. 00k o 1.000 Q58 Q187 N1
80.40 10.¢3 0B &M, 880.0 549.0 7,008 1.018 1.017 . ] ORLT TR
ac.40 10,53 A,05 4. 31.0 S48 7088 1.048 1,040 »0358 0310 man
80.70 10.71 n,07 238, BaL B60.0 8,006 L.088 1,088 a5 05 | 1.004
80,53 11.43 a0 [ B4 G43.0 8.083 1188 1,181 ] 0488 | 1.008
2040 u.9 [ 8] 254, B0, B41.C W0 S 1,238 0884 W5 | 1040
0.8 4.4k [ N BE,0 BED. b48.0 5.00% A9 Jotad Q188 081 | 1.0M8
0.5 1A qQl 28] Bal.l ] 6.017 1.318 1,308 JOBTD | 1.083
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Figure 2. - Ejector notation and deseription of eJector models.
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Figure 4. - Effect of primery pressure ratio on gross thrust ratio.
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Figure 6. ~ Effect of tertiasry pressure ratlio on secondary and
tertiary weight-flow ratios with primary nozzle in closed
position. Primery pressure ratio, Pp/pO’ 2.99; secondary

pressure ratio, Ps/po, 1.302.
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Figure 7. - Effect of secondary pressure rstio on secondary and
tertiery welght-flow ratios with primery nozzle 1n closed
position. Primary pressure ratio, Bp/po,.2.99; tertiary

pressure ratio, Py/pg, 1.304.
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Figure 8. - Effect of tertisry pressure ratic on secondary and

tertiary welght-flow ratios with primery nozzle in open

pesltion. Primery pressure ratio, Pp/po, 3.0; secondary

pressure ratio, Pg/pg, 1.304.
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Figure 9. -~ Effect of secondary pressure ratio on secondary and
tertiary weight-flow retios with primary nozzle in open posi-
tion. Primary pressure ratio, Eb/PO’ 5.015; secondary pres-

sure ratio, Pg/pg, 1.303.
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Pigure 10. - Double-shroud ejector pumping charscteristlices with primary
nozzle in closed position.
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Figure 10. - Concluded. Double-shroud elector pumping characteristics with primary
nozzle in closed position.
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Figura 1), ~ EjJector pumping cheracteristics with primery nozele in open rositlon.
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Figure 12. - Double-shroud ejector thrust characteristica.
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Figure 12. - Concluded. Double-shroud ejector thrust characteristics.
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